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The Effects of R&D, Foreign Technol oav Purchase, and

Spillovers On Productivity in Indian Firns
by
Rakesh Basant
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Brian Fikkert

|RIS Summary

Using panel data on Indian firns from 1974-1982, we provide
estimates of the inpact on output of Indian firns' R&D
expenditures, of their purchases of foreign technol ogy through
licenses, and of international and domestic R&D spillovers. The
estimated coefficients are then used to conmpute private rates of
return to firns' R&D and technol ogy purchase expenditures and to
examine the inpacts of India's policy of restricting foreign
technol ogy purchases to achieve donestic "technological self-
reliance.”

In every specification, the private rate of return to firns'
foreign technology purchases is estimated to be quite high and
statistically significant, achieving a value of 124 percent in even
the nost general specification. Wile the private return to firns'
own R&D expenditures is estinated to be quite high also, it is
lower than that to technology purchases and is often statistically
insignificant, although even in the nost general specification the
estimated return is a highly respectable 80 percent. Furthernore,
when firns are split into "scientific" (chemcals, drugs, and
electricals) and "nonscientific® (al |l other industries) subsanples,
it becomes clear that the gap by which the returns to technol ogy

purchases exceed those to R& is nuch greater in the scientific



than in the nonscientific subsample, a result which accords wth
intuition since we expect Indian firnms to be at the greatest
di sadvantage vis-a-vis the rest of the world in innovating in the
sophi sticated technologies which characterize the scientific group.

The results al so provide evidence of both international and
donestic R&D spillovers; however, the forner are useful to firns
only to the extent that they invest their own R&D resources in
order to reverse engineer the technology developed by their foreign
counterparts.

Finally, in every specification, R&D and technology purchase
expenditures appear to be substitutes for one another in the
production of know edge. In related work it has been shown that
such a condition is sufficient for India's restrictions on
technology licensing to have achieved their desired goal of
stinulating domestic R&D. Furthernore, the presence of donestic
R&D spillovers indicates that the social return to indigenous R&D
exceeds the private return, inplying that sone stinmulus to firns'
R&D expenditures is warranted. Wiile an R&D subsidy would be the
optimal policy, it is possible to show that restrictions on
technology |licenses would--in principle--be welfare inproving
whenever R&D and technology purchases are substitutes. However, in
related work it is denonstrated that the stimulus to donestic R&D
achieved by these regulations was extremely small in India,
inplying that the cost to India per unit of R&D stimulated may have
been very high. In this light, India s recent relaxation of its
technology licensing regulations is likely to provide large gains

in productivity wthout sacrificing indigenous R&D efforts.



| ntroducti on

Nunmerous studies have estimated the inpacts of firnms' own R&D
expenditures on their productivity growh. Recently, several
studies have al so exam ned the influence on productivity of R&D
spiliovers between firns.' However, al most all econonetric
studies, new and old, analyze these linkages in the context of the
devel oped countries. Wth the exception of Ferrantino (1992), we
have not seen a simlar study for |ess devel oped countries (LDCs)
despite the current interest in know edge capital as opposed to
physical capital accunulation as the driving force behind growth
(G ossman and Helpman (1991), Lucas (1988), and Romer (1986)).

Furthernore, the available studies from devel oped countries do
not take into account a factor which is at |east as inportant as
R&D in the context of LDCs: the expenditures of LDC firnms on
di senbodi ed technol ogy through |icensing agreenents with foreign
firms in devel oped countries. There has been a great deal of
controversy as to how beneficial such technology purchases have
been to LDCs, and India in particular has noved to restrict such
agreenments in hopes of stinulating indigenous R&D.?

The present paper presents estinmates of the inpact on
productivity of firms' own R& expenditures, their technol ogy
purchase (TP) expenditures, and foreign and domestic R&D spillovers

using panel data for Indian nmanufacturing firms from the period

‘see Giliches (1991), Miresse and Sassenou (1991), and
Mohnen (1990) for recent reviews.

. 2gee Basant (1993) and Fikkert (1994) for reviews of this
literature.
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1974-75 to 1982-83 and R&D data from 9 countri es. The results
indicate that when all of the industries are exam ned together
there are high, private rates of return to expenditures on both TP
and R&D, although the effect of the latter is statistically
insignificant in tne most general specification in which botn fixed
effects and time dunmes are included. Furthernore, the rate of
return to TP exceeds that of R&D by 44 percent in the most general
speci fication.

Wien firns are divided into scientific and nonscientific
subgroups, interesting differences energe.’" In the fixed effects
regressions with time dumnmes, the return to TP in the scientific
group is estimated to be 166 percent, while the return to R&D falls
to only 1 percent. In the nonscientific group, the corresponding
regressions indicate returns to TP of 95 percent and to R&D of 64
per cent . Taken together these results suggest that the potential
for the greatest loss from India's restrictions on TP occurred in
the scientific industries, a finding which accords wth intuition
since we would expect Indian firnms to be at the greatest
di sadvantage vis-a-vis the rest of the world in innovating in these
i ndustries which enpl oy sopnisticatea technol ogy.

Wile the high returns to TP suggest that India's restrictions
on technology licensing agreenents inposed substantial costs on the

Indian econony, the results confirm the findings of Basant (1993)

_3rhe "scientific" subgroup of firns consists of firnms in the
chemcal and electronics industries while the "nonscientific" firns
are in all other industrial categories. See Giliches and Miresse
(1984) for a simlar grouping.
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and Fikkert (1994) that R&D and TP are substitutes for one another
in the production of know edge. Fi kkert (1994) shows that this
substitutionary relationship is sufficient for the restrictions on
TP to achieve their intended goal of stimulating domestic R&D and
that, in principle, a tax on TP may be welfare inproving whenever
R&D and TP are substitutes and the marginal social return to R&D
exceeds the nmarginal private return. In this light, the evidence
provided here of donmestic R&D spillovers suggests that a tax on TP
purchases may be welfare inproving in principle." However, the
policy simulations in Fikkert (1994) indicate that the aggregate
elasticity of R&D to a tax on TP is quite small, inplying that the
cost to India of stinulating a unit of R&D by taxing TP is
substantial .

The renainder of the paper is divided into four sections. The
next section details the nodel to be used and discusses sonme of the
estimtion issues. Section |1l describes the data and the
construction of the variables. The results of the estinmations are
presented in Section IV. Finally, Section V closes the paper wth

some renarks.

L. Mbdel Construction and Estinmation Techniques

I1.A Mbdel Svecification

Most enpirical studies in this literature postulate a sinple
extended Cobb-Douglas production function of the following type for

firmi at tine t;:

‘e al so find evidence of international R&D spillovers.



Qi = A @t Cf; Lf, M], K], e™* (1)

where Q is output neasured in constant prices; A IS a parameter
capturing the rate of disenbodied technological change: @, B, @ and
y are output elasticities wth respect to physical capital, [abor,
materials and know edge capital, respectively; and & IS the error
term reflecting the effects of unknown  factors, data
approxi mations, and other disturbances. The indices i and t denote
the firm and time period respectively. Usually, constant returns
to scale is assuned with respect to C L, M, and K which is
equivalent to inposing a + B+ 8+ y = 1. Estimation is wusually
performed by taking logs of equation (1) in order to linearize the
estimation problem
In nost studies from developed countries, the know edge
capital for firm i, K, is a stock of the accunulated past R&D
investments of firm i; however, K, in the Indian context should
also include stocks representing the technology which firm i
purchases from others and stocks representing know edge spillovers
to firm i from external sources. Hence, we can wite the
expression for K,. as follows:
Kie — £(KOy ,KP(,KD;,,KFy,) (2)
where KO, is the stock of technical know edge generated by firm i

through its own R&D, Kp,, is the stock of foreign technical
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know edge purchased by firm i through technology Ilicenses," XD,, 1S
a stock of spillover R&D emanating from other domestic firns in
firmi's industry, and KFy is a stock or spillover R&D enanating
from foreign firnms in firm i's industry.

Since there are several elements in the know edge production
function in equation (2) and since the interactive effect of each
of these elenments wth one another is unknown, a general functional
form for knowedge, K., is needed. Consequently, we have nodified
the production function in equation (1) so that it takes on the

following form
Q. = Akt g™t Cf, L M, o°t (3)

where the know edge stocks take the Generalized Leontief-Linear

functional form of the followng type (Fuss, MFadden and Mindl ak,

(1978)):
Kie = ARG + LY VK X, ()

where s and h range over the letters 0, P, F and D  Note that vy,
= Yiao

This specification permts Ko,, KP,, KF,, and Kb, to be
substitutes or conplenents for one another. Furthernore, it avoids
the problem of taking logarithms of the various inputs into the

know edge production function, for Ko, and KP,, are frequently zero.

tn principle, there could also be technology purchases from
other domestic firnms. Wile we do not have data on such purchases,
they are small relative to foreign technology purchases in the
Indian context.
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Nevert hel ess, there are two disadvantages to this
speci fication. First, the inclusion of paraneters for the
interaction effects of the square roots of xo,, KP,, KF,,, and Kb,,
with themselves and with each other requires estimating nore
paraneters than in those studies which estimate only asingle
coefficient for the effect of ko, on output." W alleviated this
problem to a certain degree by onmtting all of the terns in which
the square root of a variable interacts wth itself, i.e. by
imposing y.. = 0.” Second, as nentioned earlier, it is comon to
i mpose constant returns to scale with respect to all the inputs.
The nore conplicated specification used here does not easily lend
itself to this constraint. Furt her nor e, given the |ack of
information about the structure of Indian industry, we felt it was
inappropriate to inpose such a constraint,.
The logarithmc transformation of equation (3) after

substituting for K, from equation (4) gives us:
Qe =T D, + acy, + Blic + emit: . Eyﬂm‘s“ = EZ YIM/KS.U:‘/FR - €1¢ (5)
- g h

where ¢, 1,,, and m, represent the natural logarithns of C,, L,,,
and M,, respectively, and i. has been replaced by year dummies, D,,
since such dummes inpose less structure than a constant trend, A,
on any unobserved, period-specific effects. Later, estimates are

provided both with and w thout these tinme dunm es.

*see the paraneter y in equation (1).

F-tests could not reject this restriction at the 5 percent
level in any of our regressions.
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Broadly, two versions of the general specification contained
in equation (5) are explored in the paper. The first version does
not include any foreign or donmestic spillover variables. W report
results both with and without tinme dummes. The second version
includes either foreign or donestic spillover variables, but never
both. Milticollinearity between the foreign and donestic spillover
vari abl es prevented us fromincluding themtogether. Simlarly,
because the spillover variables are highly correlated with the tine
dunmes, we, like many before us, are unable to include both the
time dummies and spillover variables in the same equations.®

II.B Estimation Procedures

As is comon with panel data, it is assunmed that the error

term in equation (5) can be deconposed into two independent terns:

€10 = Uy T Vi (6)
where wu, corresponds to the permanent, unobserved heterogeneity
across firnms in their technol ogies, types of output, etc. and w,,
is a period-specific shock for firmi, assumed to be independent
across firms and over tine.

Al of the equations were estimated using random effects (RE)
and fixed effects (FE) techniques. As is well known, FE is |less
efficient than RE because it uses only variation in the data wthin
each firm through tinme. Unfortunately, RE assunes that w, is
uncorrelated wth the regressors, which seens rather wunlikely in

the present context. Al though w, is unobserved by the

*For exanple, Table 2 of Mohnen’s (1990) review of 13
|r|ca| studies indicates that those studies which include

mp . : ) . .
over variables do not include any tine trends or tinme dumm es.

enpi
spi |
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econonetrici an, its permanency would lead us to expect firns to
observe u, and to take the level of u, into account when choosing
their inputs. Because the FE procedure includes the firmspecific
effects, w,, as regressors rather than relegating them to the error
term it renoves any biases which would result from correlation
between wu, and the regressors.

However, the fact that FE only utilizes the variation of the
data within each firm through time greatly reduces the variance of
the regressors, introducing two famliar problens. First, any
multicollinearity problems wll be exacerbated. Mai resse and
Sassenou, (1991) note that nulticollinearity is particularly
problematic with respect to physical and R&D capital, which tend to
be aorrelated with time. As a result, including atine trend or
tine dunmies frequently lowers the estimated coefficients on
physical and R&D capital, sonething we shall see in a dramatic way
in the estimates presented in this paper. Second, reducing the
variance of the regressors tends to lower the signal-to-noise ratio
for any given set of neasurement errors, causing the estimates to
bias towards zero.' Mairesse and Sassenou (1991) argue that the
conbined effect of these two problens is often so great that the RE
specification may actually be preferred to FE in spite of RE’s
failure to renmove the correlation between the regressors and u;.

Researchers have found that constraining the estimtes by

I nposing constant returns to scale to all of the paraneters tends

°see (i liches and Mairesse §1984) and Mairesse and Sassenou
(1991) for a further discussion of these issues.
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to alleviate sone of the FE problens. In fact, Mairesse and
Sassenou (1991) note that w thout inposing this constraint, the
vast mgjority of studies from devel oped countries have failed to
find statistically significant coefficients for R&D in their FE
esti mat es. As nentioned previously, constant returns to scale is
not inposed in the estimates presented here.

It should also be pointed out that even though FE renoves the
correlation between the regressors and u,, it is possible that
firms al so observe the period-specific shocks, v, before making
their input choice at tine t. If so, we would expect the input
choices at tine t to be functions of w,, introducing correlation
between the regressors and the error term It is customary in this
literature to assume that the inputs at time + are chosen before wv;,
is observed by the firm or that the firm never observes wy, naking
the regressors at time t independent of this conponent of the error
term Wile this assunption may be problematic, there is reason to
believe that it is less troublesone in the Indian context than in
nost  cases. As part of its system of industrial planning, the
Governnent of India regulated firms physical capital stocks,
rationed the foreign exchange needed to inport raw naterials and
intermediate inputs, restricted foreign technology purchases,
rationed scarce donestic inputs, and nade it difficult to for firns
to adjust their labor forces.'" Hence, the ability of Indian firms
to adjust their input levels to respond to period-specific shocks,

Vi, Would be reduced below that which would occur in a nore market-

1ogee Fi kkert (1994) for details.
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oriented econony.
W provide RE and FE estinmates of all of our equations. In
every case, the Hausman statistic easily rejects the RE effects
specification in favor of FE  However, the reader should keep in

mnd the problems with FE estimates nentioned above.

L] Sample Descrivotion and Vari abl e Construction

ITT.A Sample Description
The firmlevel data utilized in this study come fromfirns'

annual reports for the nine-year period 1974-75 to 1982-83.  For
some of the firms only 5 of the 8 years of data were avail abl e.
After renmoving firms not in the manufacturing sector, a total of
4949 observations remained. W felt that some cleaning of outliers
was necessary since we expect that many of the vari abl es,
particularly capital, are subject to neasurenent error. Two basic
steps were involved in this cleaning process. First, followng
Hal | and Mairesse (1992), we renoved all observations for which the
capital-labor ratio was outside of three times the inter-quartile
range (the difference between the 75 percent value and the 25
percent value) above or below the nedian. This renoved 268
observations, or 5.4 percent of the sanple. Second, we removed all
observations which had either output, capital, labor, or nmaterials
more than 300 percent above or less than 90 percent bel ow each
firm’s average for each of these variables, where the average was
calculated after removing the highest and |owest val ues of these

variables for each firm  This second step renoved only 24 nore
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observati ons. Furthernmore, only 5 of these 24 observations were
deleted due to extreme values of output (0.1 percent of the
sanple), so the sanple does not suffer from sanple selection bias
due to selecting on the basis of the value of the dependent
vari abl e. The remaining sanple thus includes 4657 observations
from 787 firms or 94 percent of the original data set, a nunber
simlar to the 96.2 percent retained by Hall and Miresse (1992).

The firms cover the broad sweep of the manufacturing sector:
10.3 percent of the observations cone from food processing, 9.7
percent from metals, 19.0 percent fromchemcals and drugs, 23.7
percent from textiles, 7.1 percent from transportation, -10.0
percent from electronics, 7.7 percent from machinery, 5.9 percent
from non-netallic minerals, 5.0 percent from paper and wood, and
1.5 percent from rubber products.

III.B_Variable Construction

Qutput, the dependent wvariable in all of our regressions, was
constructed by deflating the value of firms' reported output to
constant 1980 rupees usiny wholesale price deflators at the three-
digit, industrial classification level as reported in HL Chandhok
et. al. (1990).

In order to construct the |abor variable, each firms total
| abor costs were divided by the average wage rate in the firms
industry for tnhat year. These average wages were conputed by
dividing each industry's total |labor costs by its total nunber of
| abor hours using the industrial-level data reported in the _Annual_

Survev of Industries of India for various years.
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Firms' expenditures on the purchase of materials were deflated

to constant 1980 Rupees using industry-specific, I nput -defl ators

which were constructed by weighting output-price indices wth

coefficients from the Indian input-output nmatrix reported in

National Accounts Statistics: Input-Output Transactions Table
1973-1974.

Firns' book values for physical capital were converted into
net capital stocks expressed in constant 1980 Rupees by assumng
6 percent depreciation and enploying the perpetual inventory
net hod. See Appendix A for details.

Following earlier studies, the know edge capital generated by
the firm on its own, KO was calculated by applying the perpetual
inventory nethod to annual R&D expenditures assuming a 15 percent
rate of depreciation and a one-year lag in the inpact of R& on.
output? See Appendix B for details.

Firms report for each year their expenditures on disenbodied
technol ogy acquired through licenses wth foreign conpanies.
These flows were used to construct a stock of purchased technol ogy,
KP, again assuming a 15 percent rate of depreciation and a one-year
lag in the inpact of technology purchases on output. See Appendix
B for details.

A nunber of ways of constructing spillovers have been enployed
in the literature, nost using either R& or patents as the proxy

for the aggregate know edge stocks.*? The present study utilizes

“ror exanple, see Hall and Miresse (1992).
2gee i liches (1991) for a survey.
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the R& conducted by the rest of the world in firm i’s industry in
order to create the foreign spillover stock, KF, for firmi.* In
creating this stock, we felt it was inportant to account for the
fact that not all foreign technology is equally relevant in India.
For exanple, it is possible that agricultural production in the
United States is nmore simlar than that in Japan to agricul tural
production in India. This would be the case if crop mxtures, soil
qualities, climates, scales of production, factor prices, etc. were
nmore alike for the United States and India than they were for Japan
and India. If this is the case, then we would expect greater
spillovers from the United States’ agricultural equi pment
industry's innovations than from Japan's, and we should adjust the
United States' R&D to take these different levels of relevance into
account .

To that end, indices of relevance, REL,,, were constructed to
wei ght the R& emanating from industry 3 in country ¢, R,. As
described in detail in Appendix C,REX, is the ratio of the nunber
of patents granted by India to inventors in industry 3 from country
c to the nunber of patents granted by country c to inventors in
industry j from country c. In other words, we are assunmng that
hi gher levels of patenting in India indicates higher |evels of
relevance of the technology to India. REL, is normalized so that

it adds wup to 1 within an industry. Thus, the flow of R&D

3The "rest of the world" is proxied by 8 developed countries
for which data was available from an unrelated project at Yale
Uni versity. These 8 countries--Belgium France,” Japan, the
Net herlands, Switzerland, United Kingdom United States, and West
Germany--account for the vast mgjority of world R&D.
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spillovers from the rest of the world in industry j is the sum over

c of REL,R,.. Using these flows and the perpetual inventory nmethod,

a stock of world spillover t echnol ogy was constructed, denoted by
See Appendix C for

The donestic spillover

details.
stock, KD, for

ml

firm i was constructed

by applying the perpetual inventory nethod to flows of R&D

conducted by Indian firms other than firm i in firm i's industry.

See Appendix C for details,

Table 1 provides the neans and standard deviations of all of

the variables.
Table 1
SAMPLE MEANS anD STANDARD DEVI ATIONS OF VARI ABLES
ALL FIRMVS SCIENTIFIC FIRMS NON-
SCI ENTI FI C
FlI RVS
MEAN MEAN MEAN
VARI ABLES ({ STANDARD DEVIATIONR) (STANDARD ( STANDARD
DEVI ATI ON) DEVI ATI ON)
Number of Observations 4, 657 1,371 3, 286
Qutput (Q '000 Rupees 202. 153 215, 289 196, 672
(339, 155) (332, 245) (341, 898)
Net  Physi cal 112, 235 95, 550 119, 197
Capital” (C) '000 Rupees (295, 413) (162,904) (335, 348)
Materials(M) '000 Rupees 103, 768 108, 454 101. 813
(185, 396) (200, 193) (178, 856)
R&D Capital(KO) 814 1,281 617
' 000 Rupees {3,139) {3,019) (3,168)
Li censed Technol ogy Capital (KP) 1,534 1,443 1,572
"000 Rupees (5, 504) {4,251) (5,950)
For eij gn Spillovers 629, 731 31,015,328 468, 850
capital (KF) '000 $ {1,011,590) (1,184,137) (881, 860)
Domastic Spillovers 1,906,590 3,406,952 1,280,602
capital (KD) '00 Rupees (2,502,039) (2,823,041) (2,053,714)
Tote: AT variables  are N constant 1980 prices.

[V. Estimation

Results

Tables 2-5 detail

t he

results from the RE and FE estinations.

In each case the Hausman statistic is provided for the test of

t he
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RE versus the FE effects specification. Each table also reports
the inplied private, mrginal, internal rate of return to R& and
TP expenditures for each set of RE and FE estimates.*

Turning first to the regressions wthout the spillover
variables for the conplete sanple of firnms, Table 2 indicates that
both with and without tinme dummes, the direct effect of the firns'
own R&D stocks (KO in the RE regressions is positive and
Si gni ficant, yielding a rate of return of 170 percent w thout and
130 percent with tine dunmes in the overly-conservative case of
zero-growth in output: however, the Hausman statistic easily
rejects the RE specification, so we need to consider the FE
estimates which are less subject to sinultaneity problens from
unobserved firm heterogeneity, as was discussed -earlier,

The FE estimate of the ko coefficient without tine dunm es

. *1f the lag tine between the expenditure on R&D (or TP ana
its effect on output is 8, and the decay rate for knowedge is 6,
then using equation (5) we see that the internal rate of return, r,
to a unit expenditure on R& at tinme -8, denoted by Ry, nust solve
the follow ng equation:

Ir(aﬂg_ e Tty - 8t d¢ = 1
b OF

where q, is the output at time O and Is the growth rate of
output. ~ W evaluate this expression at the mean levels of Q KQ
KF, and KD in the sanple, and solve the expression nunerically for
r. Kp is set equal to zero because so few firms have positive
values of both KO and KP and because we want to determine the rates
of return to R&D and TP in isolation of one another. Figures are
provided assuning g = 0 and g = 0.06, the latter being the average
annual growth rate of output for 1975/76-1979/80 for the firns in
the sanple. Exactly the sane procedure wes used to calculate the
rate of return to explicit expenditures on TP, those unobserved

costs of wnning governnment approval of the technology |icense
bei ng i gnored.
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indicates lower returns than its RE counterpart, although the
effect of ko is still quite high and significant. However, when
tinme dunmes are added-the coefficient on KO falls by al most two-
thirds and becomes insignificant. Sinmlar patterns are present for
t he physical capital estimates. As nentioned earlier, both of
these findings are consistent with nearly every study of this
sort.’* Wth ideal data, the patterns would be attributed to
firms' choosing R&D and physical capi tal as functions of the
unobser ved firm effects and/or the period-specific effects
represented by the tine dunm es. However, as nentioned above,
measurement errors and multicollinearity between the upward-
trending physical and R& capital and the time dummies are also
likely to be inportant factors in the lower FE estimates for both
R&D and physical capital

Support for this explanation may be deduced from the fact that
in all of the tables the coefficients on |abor and materials--
variables which are easier to nmeasure than the physical and R&D
capital stocks and which are less likely to be consistently
trending upwards--do not change very nuch as we nmove from the RE to
the FE estimates or as we add tinme dummies. Furthermore, if the
endogenous choice of the regressors as functions of unobserved firm
heterogeneity and/or the time effects is the primary reason for the
di screpancy between the estinmates, we would expect to see the

paraneter estimates for |abor and materials change also. In a

15gee Miiresse and Sassenou (1991.) and Hall and Mairesse
(1992) .
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mar ket -ori ented econony, labor and materials levels are nore
flexible than | evels of capital and hence nore endogenous in the
short-to mediumrun: hence, we would expect them to respond nore

rather than | ess to any exogenous factors. The short-run

flexibility of Jlabor and materials is substantially reduced in

India due to the governnent's industrial regulations, Never -
theless, labor and materials are certainly no less flexible than
capital, and if endogeneity is the cause of the change in the

capital coefficients we would expect the labor and materials
coefficients to change once the heterogeneity and period effects
are renoved from the error term and included as regressors.

W should not overlook in all of this that even if one relies
on the FE estinmates with the tine dumnmes, the inplied rate of
return to R&D, while insignificant, is a highly respectable 80
percent even in the case of zero-growh in output.

Tables 3-4 provide the results for the scientific and
nonscientific  subsanples. As with the regressions for the conplete
set of firns, noving from RE to FE lowers the returns to R and
adding time dummes to the FE estimations renders the estinated
coefficients on R&D insignificant. These patterns are particularly
strong for the scientific firms, where the rate of return in the FE
estimtion wth tine dummes falls to only 1 percent, as conpared
with 64 percent for the nonscientific firms. These |ower returns
to R&D in the scientific subgroup mght be expected due to the
greater conplexity of technology in such areas.

In all of the estimates in Tables 2-4, the stock of technology
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purchases, ke, is significant regardless of the estinmation
technique and specification. Furthernore, the rates of return to
such  expenditures are high and relatively stable across
speci fications, ranging from a |low of 124 percent in the FE
estimates with time dunmies for the entire sanple of firms (Table
2) to a high of 184 percent in the RE estimates wthout tine
dummes for the scientific subsanple (Table 3). These results are
much nore robust than those for R&D in either this study or in
simlar studies from developed countries.

A conparison of Tables 3-4 indicates that the return to TP is
nmuch higher in the scientific than in the nonscientific sectors in
every specification. This result is consistent wth the findings
in Evenson (1991) that technologies in the scientific industries
appear to be nore transferable internationally than technologies in
the nonscientific industries.

Table 5 reports the results when the spillover variables are
included. As nentioned previously, multicollinearity prevented us
fromincluding both foreign and donestic spillovers in the same
equation and from including tine dummes with the spillover
vari abl es. Again, the Hausnman statistic easily rejects the RE in
favor of the FE specification. The coefficients for Ko and KP are
jointly significant in all of the FE estinmates, and the inplied
rates of return are quite high.

It is interesting to note in Table 5 that the interaction
between each firms R& stock, KO, and foreign spillovers, KF,is

positive and significant. This confirms the findings of Basant
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(1993) and Fikkert (1994) that foreign spillovers are a conplenent

to firns' R&D. Such spillovers apparently enhance the
possibilities for the adaptation and reverse engineering of
unlicensed foreign inventions. Indeed, it appears that without

such adaptive R&D, firms are unable to benefit from foreign
spillovers, the direct effects of the foreign spillovers being
I nsi gnificant.

In contrast, Table 5 indicates that the direct effect of
domestic spillovers, ED, is significant in both the FE and RE
estimations, while the interaction of ko and Kb is insignificant.
Domestic  spillovers, consisting of the R&D of each firms
conpetitors in India, are presumably nore appropriate to Indian
conditions than the inventions devel oped on foreign soils, which
make up the foreign spillover variable, KF. Hence, domestic
spillovers should require |less adaptive R&D before they can be
utilized than would foreign spillovers, resulting in less
complementarity between domestic spillovers and each firms R&D.
In addition, since foreign inventions are nornally at a higher
| evel of sophistication than donestic inventions, we would expect
that the reverse engineering of foreign inventions would require
mre R&D than would simlar "borrow ng" of the domestic inventions
produced by others.

The estimates in Tables 2-5 support the findings of Basant
(1993) and Fi kkert (1994) that R&D and TP expenditures are

substitutes in the production of know edge, contradicting the
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assertions of several previous studies.** Athough it is often
insignificant, the coefficient for the interaction between R& and
TP is negative in every specification, inplying that the two
variables are substitutes in the sense that each variable |owers
the marginal productivity of the other. As nentioned earlier, such
a condition is necessary for India' s regulations on technol ogy
licensing to achieve their desired goal of stinulating indigenous

R&D efforts.”

V. concluding Remarks
Space does not permt an extensive conparison of the results

from this study with those from devel oped countries: however, the
majority of such studies have found relatively high rates of return
in the range of 20-50 percent, although results [lying substantially
above and below this range are common.:® The correspondi ng
estimates from our study are somewhat higher than this for the
conplete sanple and the nonscientific subsanple, and somewhat |ower
for the scientific subsanple.

The estimated rates of return to TP expenditures are much

hi gher than nost estimtes of the returns to R&D fromeither the

**see, for exanple, Braga and Wl nore (1991); Deol alikar and
Evenson (1989% Kat r'ak (1991), (1990), (1989), (1985); Kumar
§1987;; and nen and Lepine (1991). Basant (199 3 and 'Fi kkert

1994) discuss the problenms with these preV|ous st udi es.

’see Dasant (1993) and Pikkert (1994) for a further discussion
of these issues.

¥gee Basant and Fikkert (1993) for a review of studies from
devel oped countries.
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devel oped countries or India. Even in the nonscientific subsanple
where the productivity of TP appears to be somewhat |ower, the FE

estimates with time dummes indicate significant returns of 64
percent even in the case of zero growh in output. Contrary to the
pessimstic views of many, there do appear to be real opportunities

for IDCs to obtain high yields to their investnents in technol ogy
licensing agreenents.

Qur results differ from those of Ferrantino (1992) who found
no systematic inpact of Indian firms' R& and TP expenditures on
their productivity. There are several possible reasons for our
contrasting results. First, Ferrantino estimated a cost function
indirectly from the conditional factor demand equations for capita
and labor, requiring him to assume that Indian firns were making
cost-mnimzing choices for both capital and |abor. Such an
assunption seems inappropriate to us, since the Indian government's
capacity |licensing regulations severely hanpered Indian firms from
adjusting their capital stocks at will.*® Second, Ferrantino did
not correct for firmlevel heterogeneity through either RE or FE
t echni ques. Third, Ferrantino did not have access to sone of the
pre-sanple information with regards to firms' TP expenditures which
we had, creating increased difficulties for him in creating his KP
stocks.*

From a policy perspective, the overall evidence suggests that

there are substantial returns to be had from increasing the levels

t9gee Fi kkert (1994) for details of these policies.
25ee Appendi x B for details.
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of both R&D and TP expenditures. In addition, the finding of
Basant (1993) and Fikkert (1994) thatR&D and TP are substitutes is
confirmed, suggesting that |India's technology licensing regulations
had their desired effect of stimulating R&D, a legitinmte goal
given the apparent externalities from the donestic R& spillovers.
However, these regulations may have had a substantial cost, the
private returns to TP expenditures being nuch higher than those to
R&D. Estimates of these private costs of pronoting R&D through
technology restrictions are provided in Fikkert (1994). Finally,
the presence of international spillovers indicates opportunities to
imtate foreign inventions for those Indian firms wlling to expend

their own R&D resources.



TABLE 2

PRODUCTION FUNCTI ON ESTIMATES WITHOUT SPILLOVERS
AN FIRMS

23

VARIABLES

FE NO
TIME DUMMIES

TIME DUMMIES

FE WITH
TIME DUMMIES

RE WITH
TIME DUMMIES

CapiTal {(C)

“777 X 10T

.95 x 107%

.584 x 107t

-969 x 107t

{5.70) (10.5) {4.03) (10.4)

Labor (1) .287 .272 .277 .259
(27.9) (32.4) (22.0) (27.7)

Materials (m) .638 .608 -.631 .606
(76.5) (88.3) (76.4) (88.8)

R&D Capital Stock
({KO)

.849 x 1073
(3.08)

.133 % 1072
(5.23)

.275 x 1073
(0.990)*

.689 x 1073
(2.68)

Purchased
Tachnology Stock (vKP)

.912 x 1073
(3.64)

.119 x 1072
(5.61)

.873 x 1073
(3.55)

.116 ¥ 1072
(5.52)

VKO x /KP -.482 x 1075 -.967 x 1075 -.412 x 1075 -.779 x 1075
(~1.35)% (=3.19) (=1.17)% (-2.61)
Constant - 2.27 - 2.28
(27.1) (27.2)
R? .801 .870 .808 .873
Hausman Statistics . 102.4 - 108.9
ROR to RD  with g=0 142% 170% 280% 130%
ROR to TP with g=0 126% 142% 124% 140%
ROR to RR  with g—.0G 244% 273% 3% 122%
ROR to TP with g=.06 128% 1443 126% 142%
TABLE3
PRODUCTION FUNCTI ON ESTIMATES W THOUT SPI LLOVERS
SCIENTT FI C__FI RVB .
VARIABLES ¥FE MO RE NO rE WITHE RE WITH

TIME DUMHIES

TYIME DUMMIES

TIME DUMMIES

TIME DUMMIES

Capital (c)

.216

.083 x 1071

.153 .107
(7.12) (5.48) (5.08) (5.86)
Labor (1) .227 .278 172 .241
(10.3) (15.1) (6.04) (11.5)
Materials (m) .724 .625 .693 .617
(35.8) (37.5) (35.3) (38.4)

R&D Capital Stock
(Y KO)

.138 x 1072
(2.96)

149 x 1072
(3.32)

.322 x 107
© (0.070)*

.969 x 10™%
(.221)%

Purchased
Technology Stock (¥KP)

.183 x 1072
(3.64)

.251 % 1072
(4.62)

.190 x 1072
(3.33)

.237 ¥ 1072
(4.60)

VKO x /KP -.496 x 1072 -.237 x 107™* -.334 x 107° -.150 x 10™*
(~.524)% (~3.04) (=.370)% (~2.01)
Constant - 2.00 - 2.13
(11.7) (12.9)
Rr2 .759 .836 .782 .850
Hausman Statistics - 100.0 -~ 50.5
ROR to RD with g=0 146% 150% 1% 23%
ROR to TP with g=0 164% 184% 166% 181%
ROR to RD with g=.06 148% 153% 6% 28%
ROR to TP with g=.06 166% 186% 168% 183%
Not es:
1. "ROR" 1is the private, marginal, internal rate of return.
2. Figures in parentheses are t-values.
3. n«n jndicates NOT significant at level in a two-tailed test.

4.

.10
Al Hausman statistlcs significant at

+01 level.



TABLE 4

DPRODUCTION FUNCTION ESTIMATES WITHODT SDTITOUVERSQ
NONSCIENTIFIC FIRMS

24

VARIABLES

FE NO
TIME DUMMIRS

RE RO
TIME DUMMIES

FR WITH
TYME DUMMIES

RE WITH
TIME DUMNIES

capital (¢) .354 x 1071 .940 x 10~1 .239 x 1071 .915 x 10™1
(2.45) (9.40) (1.63) (8.85)
Labor (1) .301 .283 .318 .285
(27.1) (31.0) (23.4) (28.1)
Materials (m) .617 593 +612 .592
(71.8) (82.5) (71.5) (82.3)
R&D Capital Stock .320 x 1073 .689 x 1073 .147 x 1073 .470 x 1073
({ RO) (.924)% (2.15) (.420)% (1.45)%
Purchased .498 ¥ 1073 .726 x 1073 .498 x 1073 .725 x 1073
Technology Stock (VKP) (1.90) (3.30) (1.92) (3.32)

¢{RO x {KP ~-.956 ¥ 1076 -.438 x 1075 -.102 x 1075 -.394 x 1075
(—.249)% (~1.34)% (=.267)% (=1.21)
Congtant - 2.46 - 2.59
(25.9) {26.9)
B2 .759 .891 .833 .892
Hausman Statistics - 95.5 - 113.8
ROR to RD with g=0 102% 146% 64% 124%
ROR to TP with g=0 95% 115% 95% 115%
ROR ¢to RD with g=.06 105% 149% 67% 127%
ROR to TP with g=.06 98% 118% 8% 118%
Notes ¢ X
. "ROR" is the private, marainal, internal rate of return.
2. Figures in parentheses 5re t-val ues. . .
3. M#® jndicates NOT significant at .10 level in & two-tailed test.

4.

All Bausman statistics significant at

.01 level.



PRODUCTI ON

TABLE 5

WITH

SPI LLOVERS

FUNCTI ON_ESTIMATES
ALL_FIRMS

VARIABLES FE: DOMESTIC RE: DOMESTIC FE: FORELGN RE: FOREIGN
SPILLOVERS SPILLOVERS SPILLOVERS SPILLOVERS
Capital (c) .707 x 1071 .979 x 107t .758 x 107 .982 ¥ 107%
(5.14) (10.8) (5.54) (10.9)
Labor (1) .274 .264 .286 .271
(25.3) (31.1) (26.2) (32.4)
Materials (m) .639 .610 .638 . 608
(76.7) (88.7) (76.5) (88.6)

R&D Capital Stock
(¥ RO)

.720 x 1073
(2.13)

.102 x 1073
(3.17)

.476 x 1073
(1.40)%

.930 x 1073
(2.90)

Purchased ;109 x 1073 .138 x 1072 .678 x 1073 .123 x 1072
Tecnnoiogy Stock (¢ KF) (3.a1) (8.93) (1.80) (3.82)
‘Ko x VKP -.427 % 107° -.821 x 1078 -.661 x 1075 ~a95- y 1075

(-1.16)% (=2.68) (=1.79) (~2.89)
Domestic R& .407 x 1074 .438 x 1074 - -
Spillovers ((m) {3.50) (4.98)

/KO x VKD .144 x 1077 .571 % 1077 - -
{.082)% (.347)%
YRP x YKD ~-.103 x 1076 ~.195 x 1078 - -
{(~.726)% (—1.81)*
Poreign R&D - - -.195 x 107¢ .899 x 107*
Spillovers (J/KF) (—~0.366)* (4.44)
VKO x VEF - - .634 x 1076 .261 x 1076
{1.89) (.874)%
VEP x VKP - .403 x 1076 -.217 x 10°¢
{1:1310% {=-744)*
Congtant 2.2%3 - 2.109
- (26.5) (25.7)

=2 .802 .871 .801 .871
Hausman Statistics - 93.8 - 96.9
Joint significance of .06 Not .01 Not
all /KO Coefficients sSignificant Significant
Joint Significance of .01 .02 .01 .01
all VKP Coefficients
ROR to RD  with g=0 134% 157% 143% 157%
ROR to TP with g=0 130% 1413 126% 137%
ROR to RD with g=.06 136% 159% 145% 160%
ROR to TP with g=.06 133% 143% 129% 139%

Notes:

1. "™ROR" is the private, rmrgl nal internal rate of return.

2. Pi in aluos . X .

3] W&" jndicates NOT Signifi cant at 10 level in a two-tailed test.

4. Al Hausman Statistics significant at .0 1level.
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Appendix A.  Construction of Firns' Phvsical Capital Stocks

In order to construct a net physical capital stock in constant
1980 Rupees, we first calculated the average age, AA of each
firms capital stock by assumng that the full depreciation of
capital takes 16 years for accounting purposes and enploying the
following formula:

(GC,s/16)*AA = AD,, (A.1)
where €C, is gross capital and AD,, is the accunmulated depreciation
of capital in the first year of data, 1975, &c,, and AD,, being
obtained from each firns' reported val ues.

Using the value of AA obtained from equation (A.1), a deflator
was constructed for each firms capital stock to deflate from the
year '1975-M to the year ‘19757, If this aapital deflator for
firmi is called ¢p, and if the depreciation rate is 6 percent,
then the net capital stock for firmi in 1975 ¢, is equal to:

Crs = (GCys/CD,)*(1-.06)™ (A.2)

If PC,, is the price deflator for investnent for 1976, then C,
for firmi is:

Crs = Cps(1-.06) ., (GC,e~GC55) /PCy (A.3)
Equation (A 3) was also used to conpute €, for the subsequent
years, giving a capital-stock series net of depreciation and

expressed in constant 1980 rupees.
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Appendix B: Construction of Firnms' R&D and TP Stocks

The know edge capital at time t generated by firmi on its
own, XO,, can be approximated by past R&D investments. Follow ng
earlier studies, a perpetual inventory nethod was used to construct
Ko,. as follows:

KO,y = (1-6 )KOy;, + RDy, (B.1)
where RD,,_, IS the expenditure on research and developnent at tine
t-1 and & is the rate of depreciation to technical know edge,
assumed to be 15 percent.®* These R&D expenditures were defl ated
usi ng the average of the wage and capital investnent price
deflators obtained from Chandhok et. al. (1990).

In order to enploy equation (B.1), it is necessary to know the
value of KOi in the initial year of the data, 1975. Since nost
firms in India did not do R&D prior to 1975, it was assuned that
firms which did not report R&D expenditures in the first year of
the data did not undertake any R&D during the preceding period.
Consequently, the initial, R&D stock for these firms was assumed to
be zero.

In order to construct the initial R& stock for the firns
which did report R& in the first year of the data it was necessary
to know the nunber of years for which the firnms had R&D units and
the rate of growth of R&D expenditures in such units. Using the
Departnent of Science and Technol ogy's Research and pevelopment.

Statistics, we calculated that real R&D expenditures per R&D unit

in the pre-1975 period.grew at about 5 per cent per year and that

2gee Hal |l and Mairesse (1992).
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the average age of the R&D units was 4.7 years. Based on these
calculations we assuned that the firms reporting positive ReD
expenditures in 1975 had been doing R&D for 5 years prior to that
year and that their R& expenditures had grown by 5 percent per
year in real terns. Thus the 1975 own-know edge stock was
calculated as:

KO, = RD,, = _.*[(1 -~ 0.15)/(1 + 0.05)]" (B.2)

The sanple firms report for each year their expenditures on
foreign  technology acquired through disembodied technology
| i censes. As in the case of R&D, the perpetual inventory method
was used to construct the know edge stocks, KpP., generated from
flows of technol ogy purchase, TP, :

RPye = (1-6)KPye, + TPy, (B.3)
It was again assuned that § is equal to 15 percent. Since the
United States is the largest seller of technology to India, the
flows of TP were deflated by the United States' R& deflator
obtained from Hall, et. al. (1988).

As in the case of R&D, the major problemwas to conpute the
know edge stocks generated from foreign technol ogy purchases for
the initial year of our data. This conputation involved two basic
steps. First, we identified the years in which each firm entered
into a licensing agreenent with a foreign firmusing the Indian

| nvestment Center's Directory of Foreian Col | aborations i n India.??

217 the absence of such infornmation about firns' pre-sanple
technol ogy  purchases, Ferrantino (1992) assumed that the ratio of
each firms pre-sanple technol ogy purchases to its within sanple
technol ogy purchases was the same as the ratio of the pre-sanple to
the within-sanple, econony-wide R&D expenditures.
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Assuming that the flow of technological information and paynents
for technology | asted four years,* the years in which these firns
obtained technology flows were identified. Second, for firnms which
purchased technology during the 1965-1974 period, the average ratio
of technology purchase expenditures to sales was conputed for
three-digit industry groups, using the firmlevel information for
the first year of data, 1975. These ratios were nultiplied by each
firms sales in 1975 to provide an estimate of the payments for
technol ogy per vyear for any year during 1965-1974 in which the firm
was known to have purchased technology as determned in Step 1
above. These pre-1975 paynent streans were then discounted and
depreciated in order to obtain KP, for the initial year, 1975.

KP,, for subsequent years was obtained using equation (B.3).

#see Kapur (1983).
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Appendix C Construction of Soillover Variables

As nentioned earlier, the international spillover variable was
constructed by weighting the R& in industry j from country c
according to its relevance to India, the weight being denoted by
REL,., REX/, was constructed as the ratio of patents granted by
India to inventors fromindustry j in country ¢ to the ratio of
patents granted by country c to inventors in industry j from
country C. REL,, was then normalized to add up to one wthin an
industry .

Cearly, in order to construct REL, we need to know the nunber
of patents granted to inventors in each industry j. Unfortunately,
such information is not readily available, for patent exam ners
normal ly assi gn to patents an International Patent C assification
(1P) which denotes only the technological area with which the
patent is concerned, an area which may be of interest to several
different industries. In order to obtain the patent-industry
assignnents which we desire, we enployed the Yale Technol ogy
Concordance (YTC), a matrix constructed from data on 183,288
patents granted in Canada between 1978-1987 (Evenson, Kortum and
Putnam (1989)). Wen a patent is granted in Canada, examners are
required to assign one or nore industries of manufacture (IOM) for
the invention in addition to assigning the I|PC code. By counting
t he nunber of occurrences of various |PC1OM conbinations, it is
possible to construct enpirical probabilities for the chances that
a patent in IPC i is manufactured in industry j.

These probabilities were used to nmap patents granted by
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devel oped country ¢ to inventors fromcountry ¢ into industry of
manufacture | for the period 1972-1989, the total nunber of such
patents being denoted by IoM,.. W then mapped patents granted by
India to inventors fromcountry ¢ into industry of manufacture j
for the same period, the total number of such patents being denoted
by iom,. REL, iS then defined by:

REL,, = iom,./IOM,, (C.1)
where we normal i zed REL,. to add up to 1 within an industry j.
The rel evance-weighted, flow of foreign spillovers for each

industry | at time t, denoted by SF,,, is then defined by:

8
SF,, = Emjcnm (c.2)
c=1

where Ry, is the R& of industry j in country c at time t, The
flow of donestic spillovers for industry | at tine t, SD,,, was
constructed as the sum of all R& conducted by Indian firnms in
industry j at time t,*

The fact that REL,, was constructed using the enpirical
probabilities of various IPCIOM conbinations instead of the true,
unobserved probabilities introduces sonme errors; however, given the
enornmous nunber of patents used to nmake the concordance, the

enpirical probabilities should be close to their true values. What

_ *Both the international and Indian R& data were only
available for 2-digit industries, while the firms could be placed
into 3 1/2-digit industries; hence, we first disaggregated the 2-
digit R&D data into 3 |/a-digit industrial categories by assumn
that the R&D-patent ratio is constant within a 2-digit category an
then nultiplying the a-digit, R&D patent ratio by the nunber of
atenhs gqanted to each 3 |/z-digit industry. See Fikkert (1994)
or details.
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I's perhaps nore problematic is that we are using a concordance
constructed wth Canadian data to map patents granted in 8
devel oped and one |ess devel oped country. Differences in
technol ogical relationships or in industry sizes across countries
will introduce errors in the construction of these variables.
However, we feel that this procedure is superior to the alternative
in which the R&D from every country is treated as equally relevant.
It ii3 still necessary to convert the donmestic and
international spillover flows into spillover stocks. Fol | owi ng
Hal| and Mairesse (1992), the stocks in the initial year were
obtained by assumng that the pre-sanple international and domestic
spillover pools in industry j grew at the annual rates of g, and

gs; respectively. Thus it is possible to wite:

= 1-8 1° SD;,
KD,, = SD = —_ C.3
7 10-2;[ 1"ng} Gay + 8 (c-3)
and
J s SF (C-4)
KF. SF,,). % = L
Jo = j0.=°[1+g ggj + 3

where 6 is the depreciation rate, assumed to be 15 percent, and g
and g, were uniquely conmputed for each industry from the flow data
(i.e. SD, and SF,,) for the 1975-1980 period. Finally, each firms
own- R&D' stock, Ko,,, Wwas subtracted from its domestic spillover
stock, KDy, in order to arrive at a stock of donestic, spillover
R&D for each firmi, gp,, Which is solely perforned by the other

firms within firm i's industry.



